Complex patterns of multiple substance use pose clinical and methodological challenges for substance abuse clinical trials research. To increase measurement precision and internal validity, the modal approach has been to target both treatment interventions and outcome assessment to a single class of abused substance. This strategy warrants reconsideration because it entails limitations in recruitment feasibility and generalization of study findings. This report reviews pros and cons of single versus multiple targeted drugs, suggests guidelines for choosing between these strategies and outlines methods for broadening the scope of substance abuse clinical trails to take abuse of multiple substances into account. We recommend that investigators consider moving away from a single drug focus in three ways. First, include systematic assessment of a wide range of psychoactive substance use throughout the trial and evaluate the impact of study treatments on use of all classes of drugs. Second, except where contraindicated, include patients who use and abuse multiple classes of substances even in trials evaluating treatment of a single targeted drug. Third, consider inclusion of polysubstance abusers or those who primarily abuse multiple classes of substances in the same clinical trial. Although many treatment efficacy questions can best be answered by single focus studies, we recommend that such designs be adopted only after less restrictive designs are first considered.
Introduction
Calls to 'bridge the gap' (Institute of Medicine, 1998) between clinical research and clinical practice have highlighted the need to consider how a new treatment will fare in community settings at all stages of treatment development and efficacy testing (Rounsaville et al., 2001) . Choosing study patients who are representative of those likely to be seen in community settings can facilitate ultimate dissemination of experimental treatments (Hohmann and Shear, 2002) . In designing and implementing treatments, both community clinicians and academic researchers must contend with considerable heterogeneity in choice of abused substances across patients and within patients over time.
One major gap between community and research treatments results from differences in the ways that clinicians and researchers respond to patients' complex patterns of substance use. Clinicians must take patients as they present themselves and attempt to manage the full range of a patient's clinically significant substance abuse. Stimulant, sedative, and opioid dependent patients may all be treated within the same clinic and context. Abstinence from all substances is almost exclusively the goal in most community-based treatment settings. In contrast, the modal approach for pharmacotherapy or behavioral therapy efficacy research has been to target a single abused substance. Patients with current dependence on other substances or multiple substances are often excluded from efficacy trials. Ratings of use of the targeted drug are often considered the primary outcome measure, with other drug use addressed in only a tangential or cursory fashion.
In the service of narrowing this particular gap between clinical practice and clinical research, this report will re-evaluate strategies related to focusing on just a single type of drug use. After reviewing pros and cons of single versus multiple targeted drugs, we will suggest guidelines for choosing between these strategies. We will also outline methods for broadening the scope of substance abuse clinical trials to take abuse of multiple substances into account.
Why focus on the principal abused substance?
Focusing substance abuse efficacy research on a single targeted substance makes clinical and methodological sense because pharmacological actions, natural history and assessment issues vary widely across different abused drugs. We will briefly review the clinical and research implications of these cross-drug differences.
Pharmacological specificity
The specific pharmacological actions of different classes of drugs provide a strong rationale for a single drug focus in some types of clinical trials. Studies that evaluate new medications for substance abuse, in particular, are likely to benefit from focusing upon a single drug of abuse. Most fundamentally, the rationale for using medications for substance abuse is based on the treating agent's mimicking, altering or blocking some aspects of the abused drug's specific pharmacological effects. Medications typically are effective for treating one class of abused drugs, such as disulfiram for alcohol dependence or methadone for opioid dependence. Therefore, most pharmacotherapy trials focus on just a single drug of abuse.
Safety issues are more complex and difficult to estimate when many types of substance abusers are included within a pharmacotherapy trial. Interactions between a treatment agent and more than one abused substance may become quite complex. For example, it is clearly necessary to exclude current opioid users in trials evaluating opioid antagonists for alcohol dependence. Another drug-specific set of safety issues arises from variations in the need for pharmacologically assisted detoxification prior to initiation of experimental treatments, as drugs like heroin and sedatives are associated with medically significant withdrawal syndromes while cocaine and marijuana are not.
Pharmacological specificity poses fewer challenges pertaining to rationale and safety issues when examining behavioral treatments. Hypothesized actions of behavioral treatments (e.g. enhancing motivation, learning new coping strategies) are usually applicable across different classes of substance abuse and many major types of behavioral therapies have been demonstrated to be effective across different classes of substance types (Carroll, 2001) .
Safety issues are also less pressing in examining behavioral therapies, as long as patients in need of pharmacologically assisted detoxification are excluded or managed clinically prior to onset of study treatment.
Common natural history and standard treatments
Targeting a single drug of abuse avoids clinical and methodological challenges arising from differences across substances in the populations affected, age of onset, course, adverse consequences and standard treatment. These features can have a major impact on prognosis, intensity of treatment and requirements for services in addition to those included in research protocols. In particular, patients who use legal versus illicit substances and those dependent on opioids versus other illicit substances may be particularly difficult to treat in a single treatment protocol. The prognostic significance of client characteristics associated with use of legal versus illicit substances (e.g. educational level, employment status, legal system involvement) may exceed the power of the experimental intervention to influence treatment outcomes.
Treating outpatients dependent on heroin and on other substances in the same treatment protocol is especially problematic because of the widespread use and high impact of agonist (e.g. methadone) maintenance for heroin abusers. For ambulatory heroin patients, offering experimental treatments outside of a methadone program risks unacceptably high attrition. Conversely, the powerful impact of methadone maintenance on treatment retention and reduction of opioid use works against including such patients in clinical trials of treatments for ambulatory cocaine abusers for whom effective medications are not available (Warner et al., 1997) .
Common assessments
Targeting a single drug of abuse avoids assessment challenges arising from differences across substances in dosage, routes of administration, pharmacokinetics and pharmacodynamics. Biological measures of substance use are particularly sensitive to variability in absorption and elimination half-life across abused substances, with extremes defined by rapidly metabolized agents like nicotine and long lasting drugs like cannabinoids. To verify abstinence, these differences translate into very different requirements regarding the type, frequency and expense of biological testing to be employed (see Schwartz, 1988) . Testing for a full range of substances must err on the side of either excessive assessment for long lasting substances or inadequate assessment for short lived ones.
Cross-drug measurement issues are not confined to biological measures. Validity of selfreport is highest when independent of consequences (e.g. Babor et al., 2000; Del Boca and Noll, 2000) , and it is likely to vary across legal and illicit substances (e.g. Lu et al., 2001) . Moreover, because of cross-substance differences in amounts and patterns of use, standards for measuring clinically significant improvement tend to vary by substances. The distinction made by alcohol researchers (e.g. O'Malley et al., 1992) between a 'slip' and a 'relapse' may be meaningful for a legal drug for which quantities can be accurately reported but much less meaningful among illicit substances for which quantity can only be guessed. Similarly, the distinction between 'drinking days' and 'heavy drinking days' (Babor et al., 1994; Project Match Research Group, 1997) or gender-related differences in 'safe drinking guidelines' (Sanchez et al., 1995) may be meaningful for some treatments for alcohol dependence, but these distinctions are far less commonly used in treatment outcomes of illicit drug use disorders (Rohsenow et al., 2000) .
Focus on a single substance also can maximize the sensitivity of outcome assessment. During the course of a treatment intervention, a significant percentage of patients may be able to maintain abstinence from, or substantially reduce use of, one primary or targeted substance. A principal aim of complete abstinence from all psychoactive substances, on the other hand, may be applicable as both a quantifiable result and a clinical outcome. However, such a measure is insensitive due to the comparatively low rates of total abstinence achieved in most clinical trials of substance abuse treatments (e.g. Crits-Christoph et al., 1999) . Moreover, the heterogeneity of drug use patterns among substance abusers, and the frequently observed pattern of greater baseline drug use being associated with poorer outcomes (e.g. McLellan et al., 1994) , may obviate potentially statistically significant and clinically meaningful reductions in drug use if such a stringent outcome criterion of complete abstinence is applied.
Drawbacks to a single drug focus
Although these issues noted above argue for focusing on a single drug target, equally compelling reasons can be considered for including patients with a broader range of drug use diagnoses in clinical research trials. Above all, when studies focus on a single abused substance, generalization, feasibility, and efficiency are compromised.
Unrepresentative subject group
Substance abusing patients who exclusively abuse a single substance have become progressively scarce and unrepresentative of the general population of substance abusers in community and clinical settings. Both population and clinical surveys (Ball and Ross, 1991; Caetano and Weisner, 1995; Helzer and Pryzbeck, 1988; Martin et al., 1996; Tsuang et al., 1994; Regier et al., 1990) indicate that the majority of those with a current substance use disorder use multiple psychoactive substances and meet current or lifetime criteria for a number of substance use disorders. For example, estimates indicate that 30-60% of alcoholdependent individuals abuse cocaine (Caetano and Weisner, 1995; Martin et al., 1996; Tsuang et al., 1994) , 20-50% abuse marijuana (Caetano and Weisner, 1995; Martin et al., 1996; Tsuang et al., 1994) , 12-20% abuse benzodiazepines (Ciraulo et al., 1988; Ross, 1993) and 7-10% abuse heroin (Caetano and Weisner, 1995; Martin et al., 1996; Tsuang et al., 1994) . Prevalence of marijuana abuse in cocaine-dependent patients ranges from 25 to 70% (Higgins et al., 1994; Hubbard, 1990; Schmitz et al., 1991) , and lifetime prevalence of alcohol dependence exceeds 65% in both treatment-seeking cocaine users as well as those not seeking treatment (Carroll et al., 1993) . Fifty, 33, 47 and 69% of heroin-dependent patients are regular users of alcohol, benzodiazepines, cocaine, and marijuana, respectively (Ball and Ross, 1991) . Cigarette smoking is also common, with up to 63-90% of treatmentseeking substance abusers reporting daily nicotine use (Budney et al., 1993; Burling and Ziff, 1988; Cunningham-Williams et al., 2000) .
Compromised feasibility
Thus, abuse of multiple substances is the rule and not the exception. Recruiting a sample of 'pure' substance abusers poses feasibility issues, as only a small subset of clinical or community abusers will meet this criterion. Moreover, even if a sample can be recruited, singly dependent patients are likely to be unrepresentative of the general population of drug abusers in ways that limit generalization of findings.
Limited generalization of safety and efficacy findings
For pharmacotherapies, failure to study a heterogeneous population leaves safety and efficacy issues unanswered. A new drug may have toxic or other interactions with nontargeted abused substances. Examining the effects of pharmacotherapies on multiple classes of drugs may also reveal unexpected beneficial effects, as medications may reduce use of drugs other than the targeted one via direct or indirect mechanisms. For example, methadone maintenance treatment is associated with not just reductions in opioid use, but decreases in other drug use, such as cocaine and benzodiazepines, as well (Ball and Ross, 1991) . Naltrexone can be used for treating both opioid (Greenstein et al., 1997) and alcohol (O'Malley et al., 1992; Volpicelli et al., 1992) dependence. Disulfiram has shown some efficacy in reducing alcohol use (Fuller et al., 1986; Chick et al., 1992) , as well as cocaine use (Carroll et al., 1993 Petrakis et al., 2000; George et al., 2000) . Although the mechanisms of action may differ across the drug classes, the beneficial effects could only be discerned by including polysubstance abusers in the trials and evaluating the effects of these medications on use of multiple substances.
Potential bias of efficacy results
Moreover, samples of 'pure' abusers are likely to have a narrower range of drug-related consequences. They may be more amenable to treatment, thereby inflating estimates of the treatment's efficacy (Hughes et al., 2000) . Thus, in the process of development and efficacy testing of treatments (Rounsaville et al., 2001 ), focus on a single drug may be inefficient and lead to premature conclusions about a treatment's promise, for both pharmacological and behavioral treatments.
Inefficiency of behavioral therapies development
Behavioral treatments typically target psychological processes common to abusers of many different substances such as conditioned craving or poor self-efficacy. When new behavioral techniques are developed, focus on a single abused substance can be inefficient because initial positive findings would require replication on abusers of a succession of other, individual substances. Such repeated testing has been conducted on the use of motivational enhancement therapy for the treatment of nicotine, alcohol, and cocaine dependence (e.g. Dunn et al., 2001) , and the use of cognitive-behavioral strategies for nicotine, alcohol and other drug dependences (Carroll, 1996) . On the other hand, failure of initial studies with an arbitrarily chosen patient sample may lead to premature abandonment of a treatment with promise for abusers of another class of drugs.
Hence, initial pilot testing of new behavioral treatments should utilize a heterogeneous patient sample unless the treatment is targeted to processes underlying a specific type of substance abuse, or a particular group of substance abusers who are likely to share a common psychosocial problem. For example, designing a therapy that addresses unemployment among methadone patients may reasonably exclude non-opioid dependent patients, as unemployment rates may be much lower in other samples, or attrition rates may be higher among non-methadone maintained substance abusers.
In contrast, initial testing of pharmacotherapies generally should usually target a single drug of abuse because the rationale for medication treatments is nearly always based on the actions of a specific class of abused substances. Subsequent studies may examine their efficacy and safety in more heterogeneous samples who have both the target drug use diagnosis, as well as additional substance use problems.
Limitations in some common strategies
To increase feasibility of recruitment and generalizability of results, many clinical trials incorporate strategies to broaden the eligible subject pool beyond those who exclusively abuse a single substance. These strategies include (a) selecting subjects according to the 'primary' or 'principal' drug of abuse, (b) allowing concurrent use or abuse but not dependence on substances other than the targeted drug and/or (c) allowing other types of substance abuse (e.g. nicotine, marijuana) to go unmonitored or ignored in treatment interventions or outcome evaluation. Each of these approaches involves limitations. For example, selecting subjects by principal drug of abuse excludes potential subjects who cannot choose among a number of heavily used drugs or who use drug combinations preferentially (e.g. 'speed-ballers' who use a combination of heroin and cocaine). More importantly, ignoring other types of drug use in monitoring or outcome assessment may miss potential hazards or benefits of the study treatment pertaining to non-targeted substances. For example, a new treatment's beneficial impact on reducing use of the targeted substance may be counterbalanced by an increase in other substance use. Conversely, attention to a wide range of substance outcomes can reveal unexpected applications for the experimental treatment. For example, O'Malley's interest in naltrexone's potential as a treatment for nicotine dependence (Krishnan-Sarin et al., 1999) was generated by increased naltrexone side effects in alcohol dependent subjects who were cigarette smokers. Smokers who took naltrexone first thing in the morning prior to smoking a cigarette were especially susceptible to intense nausea. This connection between nicotine abstinence and greater naltrexone side effects suggested a link between nicotine and endogenous opioid activity. Follow up research confirmed this hypothesis (Krishnan-Sarin et al., 1999) and suggested a potential role for opioid antagonists in treating nicotine dependence. As a further example, a study of contingency management interventions found reductions in illicit drug use occurred when alcohol abstinence alone was reinforced in alcohol-dependent patients (Petry et al., 2000) .
In a series of clinical trials evaluating behavioral and pharmacological treatments of cocaine dependence, our group has used the approach described in the previous paragraph by selecting patients whose self-identified principal abused drug is cocaine while allowing for current abuse but not dependence on a range of other substances. This strategy has yielded subject populations that appear representative of cocaine abusers in general clinical samples but a limitation of this work is our lack of measurement or analysis of several classes of concurrently used substances, most notably nicotine.
Broadening the scope of substance abuse clinical trials: factors favoring focus on one versus multiple substances

Three recommendations
To maximize the scientific yield of substance abuse clinical trials research and to facilitate ultimate community use of empirically validated treatments (Rounsaville et al., 2001) , we recommend that investigators move away from a single drug focus in three ways. First, include systematic assessment of a wide range of psychoactive substance use throughout the trial and evaluate the impact of study treatments on use of all classes of drugs as part of routine testing for efficacy and safety. Second, except where contraindicated (see Section 4.2), include patients who use and abuse multiple classes of substances even in trials evaluating treatments for a single targeted drug. Third, consider inclusion of patients who abuse or are dependent upon multiple or different classes of substances within the same clinical trial. The first two recommendations can be addressed in the majority of clinical trials while the third may have more restricted applicability.
Questions to guide the choice between single versus multiple drug focus
Given the previously reviewed factors favoring a single drug focus, single drug study designs clearly will not be abandoned. Rather, we recommend that such designs be adopted only after less restrictive designs are first considered. In deciding between a single or multiple drug focus (or the specific types of drug use to be excluded), investigators can attend to a number of questions. First, does the experimental treatment have a narrow or substance-specific hypothesized mechanism of action? As noted above, most pharmacological drug abuse treatments are hypothesized to affect a single class of abused substances while behavioral treatments tend to target processes common to many types of substance abuse. Hence, inclusion criteria may need to be narrower in trials evaluating pharmacological versus behavioral treatments. Second, are there contraindications for use of the experimental treatment with use of non-targeted substances? These contraindications are most likely to apply to experimental pharmacological treatments and include such widely known combinations as naltrexone for active opioid users, disulfiram for alcohol users or MAO inhibitors for stimulant users. Third, is the targeted drug less addictive or associated with less severe consequences than the ancillary drug? For example, a trial targeting marijuana use or cigarette smoking may reasonably exclude patients currently dependent on opioids or cocaine, because dependence upon these latter substances may be more clinically significant than dependence on the former. A case could be made, nevertheless, to specifically examine the efficacy of smoking or alcohol cessation interventions in opioid dependent patients, so long as the patients are concurrently receiving acceptable standard treatment for their more clinically significant drug use diagnosis. Relatedly, does the intensity of standard treatment for the ancillary drug exceed that of the targeted substance? Again, the clearest exclusion of this type would involve exclusion of heroin dependent patients in trials targeting other substances, unless the study targets this particular type of polysubstance abuse. Fourth, do the demographic and clinical characteristics of the abusers of different substance abusers differ so greatly that separate clinical trials are warranted? While there can be no sharp distinctions regarding degree of acceptable heterogeneity, one might question the wisdom of, for example, including such disparate groups as retired, elderly alcoholics and court-mandated heroin addicts in the same behavioral interventions trial. Fifth, does the study design require use of biological markers (e.g. hormone levels) or other assessments that may be invalidated by use of multiple substances? Negative answers to these five questions would suggest the feasibility of including multiple types of substance abusers and poly-substance abusers in the same clinical trial.
Managing methodological challenges of heterogeneous samples
The increased external validity and recruitment feasibility of focusing on heterogenous samples are obtained at the cost of (1) inclusion of multiple assessments, (2) challenges of devising common outcome measures across multiple types of drug abuse and (3) need to manage extraneous variability in the study design.
Dealing with assessment burden
Differences across drugs in mechanisms of action, use patterns and metabolism have generated a wide array of substance-specific biological and psychometric assessments. These differences are particularly important if biological assessments constitute the principal outcome measure as the frequency of assessment and the nature of the sample (e.g. serum, urine, saliva) varies widely across abused substances. To reduce study costs and excessive subject burden, investigators may restrict the range of assessed substances to those that can be measured with a single sampling procedure or re-conceptualize the biological assessments as validators of self-reported use. Generally, self-reported substance use remains the most commonly utilized outcome measure for clinical trials with acceptable reliability and validity, particularly when coupled with objective measures designed to verify self report (Babor et al., 1994 (Babor et al., , 2000 Carroll, 1995) .
Many instruments with established reliability and validity permit assessment of quantity, frequency, or severity of multiple classes of substance use including the Timeline Followback Method (Sobell and Sobell, 1992) , the Addiction Severity Index (Alterman et al., 2000; McLellan et al., 1985) , the Substance Dependence Severity Scale (Miele et al., 2000) , and the Severity of Dependence Scale (Gossop et al., 1995 (Gossop et al., , 1997 . Unfortunately, instruments for assessing dimensions of substance abuse other than quantity/frequency tend to cover only a single class of substances. Hence, many widely-used assessments of craving (Anton and Drobes, 1998) , drug-related expectancies (Galen and Henderson, 1999; Solomon and Annis, 1989) , and motivation to change (Cunningham et al., 1997; McConnaughy et al., 1983) have been developed and validated separately for individual classes of substances.
Developing common outcome measures for heterogeneous samples
In expanding outcome analysis beyond a single targeted substance, strategies are needed to deal with two general issues: (a) developing common outcome assessments for subjects who have different principal drugs of abuse; and (b) considering the subjects' pattern of substance abuse in outcome analyses.
One general strategy for managing multiple patterns of substance abuse in clinical samples entails focus on a single 'principal drug of abuse' for each subject and using measures of that type of drug use as the primary outcome measure. The simplest choices for a common outcome measure in this case would entail frequency measures such as number of days of substance use, percent days abstinent, percent of urine specimens positive or duration of complete abstinence for the principal abused substance. In particularly, 'percent days of abstinence' has been adopted as a key outcome variable in major trials of a variety of types of substance use, including alcohol (Project Match Research Group, 1997) , cocaine (CritsChristoph et al., 1999) and marijuana (MTP Research Group, submitted for publication).
The major drawback to these common frequency measures is a loss of sensitivity in measuring reduction in daily amount without the elimination of substance use. This limitation is particularly important for legal substances such as alcohol, for which nonabstinent treatment goals may be set and quantity of use can be accurately reported. If abstinence-related measures are considered insufficiently sensitive to characterize outcome, alternative assessment strategies could entail use of global severity rating for the different substances of abuse or statistical transformation of different types of ratings into a common metric (e.g. z score transformations) (see Schouten, 2000) . In the alcohol treatment literature, some reports of composite scores, taking into account both frequency and quantity data, have been proposed (Cisler and Zweben, 1999; Babor et al., 1994) .
Combining ratings made across different substances may need to take account of dependence severity or disabilities associated with different classes of substances. The most straightforward assessments of all classes of substances concentrate on frequency measures, such as percent days abstinence from all substances, duration of total abstinence from all substances or time to first drug use of any type. Such total abstinence-oriented measures are adequate when (a) the patients are truly polysubstance abusers with no predominant drug of abuse or (b) in clinical situations in which abstinence from all psychoactive substances is the agreed-upon treatment goal. In other instances, the total severity of current substance use may be more adequately captured through global ratings derived from combining indices of substance problems, such as the ASI drug composite score (McLellan et al., 1985; Alterman et al., 2000) or from patient or clinician judgment, such as the Clinical Global Impressions (CGI) Scale (Dahlke et al., 1992) or the Global Assessment Scale (Endicott et al., 1976) . These varied strategies typically entail exchanges in strengths between reliability, in which frequency measures excel, or sensitivity for change measurement, in which global ratings are most useful.
Dealing with 'noise'
With these issues in mind, development of a new set of measurement and data analytic strategies are necessary to move beyond a focus on the principal substance of abuse to take into account changes in each patient's total pattern of substance use. For example, a patient may improve in some types of substances but not others, or may substitute heavy use of a secondary substance while decreasing use of one or more targeted substances. Within clinical research trials, capturing the full range of substance use is made even more difficult by varying sample sizes that use any particular substance. These adjustments in most cases reduce statistical power and necessitate a larger overall sample (see Schouten, 2000) . Very large sample sizes would be needed to detect significant changes in use patterns of a large number of different substances, especially given the variety of multiple use patterns, such as some cocaine dependent patients who only use cocaine, versus those who use cocaine plus alcohol, versus those who use cocaine plus marijuana, and those who use cocaine plus alcohol and marijuana. To detect changes in use patterns of any of these drugs in response to an intervention requires sufficient numbers of patients with each of the patterns of use and introduce the added complications of multiple comparisons, which have been discussed in detail elsewhere (see Lin et al., 2000; Pocock, 1997; Schouten, 2000) .
As noted above, different frequencies and patterns of substance use across the different classes of substance use may be a particular challenge in evaluating meaningful change when heterogeneous samples are included in particular trial. Simple ANOVA based models, while sufficient to evaluate comparatively simple outcomes such as rates of complete abstinence, clearly lack the ability to deal with complex differences in frequency and rates of change across different classes of substance use. A possible strategy for managing the increased variability associated with natural differences in the rates of change by drug type may be the use of random effect regression models (Bryk and Raudenbush, 1987; Lin et al., 2000) . A key advantage of these models is that they would allow for both the intercept (baseline frequency of use) and slope (rate of change) to be random variables, and correlations among different outcomes within the same patient could be accommodated using random effects (see Sammel et al., 1999; Lin et al., 2000) . Such an approach, which would allow the intercept and rate of change to vary by subject, would better represent the complexity that comes with greater heterogenity and reduce bias associated with random distributions of drug of abuse across treatment conditions. Furthermore, abuse of different classes of substances is commonly associated with clinical and social factors (e.g. age, degree of deviance, substance-related impairments). Each of these factors may have a major independent impact on treatment outcome or a specific relationship to the patients' response to the particular study treatment. These differences necessitate adjustments in the study design to ensure balance of drug abuse types across treatment groups. Strategies for patient assignment and analyzing prognostic significance of patient heterogeneity also require consideration of statistical power issues. Patients can be randomized based upon certain key characteristics, such as baseline drug use characteristics or other variables hypothesized to be associated with outcomes. In this manner, the experimental groups would be balanced on key characteristics. The more variables upon which the groups are stratified, however, the greater the need for a large sample size. Methods such as urn randomization could also be used to promote equal distribution of individuals with different types of drug use and related prognostic variables across treatment groups. In urn randomization, an algorithm modifies ongoing randomization probabilities based on prior composition of treatment groups, maximizing multivariate equivalence of treatment groups (Stout et al., 1994) . Thus, urn randomization offers the benefits of balancing allocation of important prognostic variables in treatment groups, while still retaining other benefits of random assignment (Wei, 1978) .
Conclusion
To maximize the scientific yield of substance abuse clinical trials research and to facilitate ultimate community use of empirically validated treatments (Hohmann and Shear, 2002) , we recommend that investigators consider moving away from a single drug focus in three ways. First, include systematic assessment of a wide range of psychoactive substance use throughout the trial and evaluate the impact of study treatments on use of all classes of drugs as part of routine testing for efficacy and safety. Second, except where contraindicated, include patients who use and abuse multiple classes of substances even in trials evaluating treatments of a single targeted drug. Third, consider inclusion of polysubstance abusers or those who primarily abuse multiple classes of substances in the same clinical trial. While focusing on a single class of drugs reduces 'noise' and simplifies outcome assessment, these advantages are counterbalanced by limitations in recruitment feasibility and generalization of study findings. Although many treatment efficacy questions can best be answered by single focus studies, we recommend that such designs be adopted only after less restrictive designs are first considered.
